Purpose: FAM163A, also called neuroblastoma-derived secretory protein (NDSP) or C1ORF76, was newly found on chromosome 1q25.2. Previous studies of FAM163A focused on its expression and function in neuroblastoma. However, using an online database, we found that FAM163A may predict poor prognosis in lung squamous cell carcinomas (LUSC). Therefore, the role of FAM163A plays in LUSC needs to be further clarified. Patients and methods: Western blots, immunofluorescence and immunohistochemistry were used to detect the effect of FAM163A on mediating cell proliferation in vitro and in vivo. Co-immunoprecipitation and immunofluorescence were utilized to evaluate the interaction and co-localization of FAM163A with 14-3-3β and ERK. Results: In this study, our data revealed that FAM163A overexpression increased the levels of ERK and p90RSK phosphorylation and promoted the expression of cyclin D1. Incorporation with U0126 reversed the effects of FAM163A overexpression. FAM163A directly interacted with both 14-3-3β and ERK and regulated the phosphorylation of ERK by upregulating the protein level of 14-3-3β. Immunohistochemistry results also showed that FAM163A expression significantly correlated with larger tumor size (P=0.023), TNM staging (P=0.015) and regional lymph node metastasis (P=0.016). Kaplan-Meier survival analysis implied the mean survival time of patients with positive FAM163A expression (49.72±3.97 months) was much shorter than the patients with negative FAM163A expression (63.36±3.14 months, P=0.011). Conclusion: In summary, the present study identified a novel mechanism that FAM163A, through binding and upregulating 14-3-3β, facilitated ERK phosphorylation that led to an increase of cellular proliferation of LUSC cells. FAM163A may be a useful marker to predict poor prognosis of patients with LUSC. Keywords: FAM163A, ERK, 14-3-3β, prognosis, lung squamous cell carcinomas Introduction FAM163A, also called neuroblastoma-derived secretory protein (NDSP) or C1ORF76, is located on chromosome 1q25.2 and encodes a 167 amino acid protein with a putative signal peptide.
Introduction
FAM163A, also called neuroblastoma-derived secretory protein (NDSP) or C1ORF76, is located on chromosome 1q25.2 and encodes a 167 amino acid protein with a putative signal peptide.
1,2 Previous studies described that FAM163A specifically overexpressed in neuroblastoma at a higher level than other human cancers.
Inhibition of FAM163A expression by RNAi resulted in decreased cellular proliferation and colony formation and led to a downregulation of the levels of ERK phosphorylation. 1, 2 In another study, they used robust affinity purification-mass spectrometry methodology to elucidate protein interaction networks and predicted that FAM163A may directly binding with multiple 14-3-3 family members, including 14-3-3ζ, 14-3-3γ, 14-3-3ε, 14-3-3β. 3 14-3-3 proteins have been proven to express in all eukaryotic cells and are highly conserved in protein sequence and function from yeast to mammals. One of the important functions of 14-3-3 family members is to activate the MAPK-ERK signaling pathway and plays an oncogenic role in cancer development. [4] [5] [6] [7] Therefore, we speculated that FAM163A might activate ERK signaling pathway through its interaction with 14-3-3 family members.
Lung cancer is the leading cause of cancer-related deaths worldwide. 8 Although existing literature about FAM163A was predominantly in neuroblastoma, the expression of FAM163A had been evaluated in several lung cancer cell lines which only presented only negative or weak expression. 1, 2 The Human Protein Atlas (http:// proteinatlas.org/) is an online database which contains immunohistochemical data on most human proteins in a variety of tissues and predicts their prognostic values using TCGA (The Cancer Genome Atlas) RNA samples. In the present study, the expression for FAM163A was analyzed in non-small cell lung cancer (NSCLC) by the above online database. FAM163A was universal expressed in most of the NSCLC tissues. However, overexpression of FAM163A was found predicting poor prognosis in squamous cell lung carcinomas (LUSC) but not in lung adenocarcinomas ( Figure S1 ). To our knowledge, the published literature of FAM163A is limited until now. These observations suggested that FAM163A might play an oncogenic role in LUSC. In this study, utilizing LUSC cell lines as a model system, we investigated the underlying mechanisms of FAM163A-mediated cellular proliferation in LUSC development. We identified a novel mechanism that FAM163A, through binding and upregulating 14-3-3β, facilitated ERK phosphorylation that led to the increase of cellular proliferation of LUSC cells. Moreover, we also revealed that positive FAM163A expression significantly correlated with poor prognosis in patients with LUSC.
Materials and methods

Cell culture and transfection
The HBE cell line was obtained from ATCC (American Type Culture Collection; Manassas, VA, USA). The SK-MES-1 cell line was obtained from the Shanghai Cell Bank (Shanghai, China). The LK2 cell line was a kindly gift from Prof. Hiroshi Kijima (Department of Pathology and Bioscience, Hirosaki University Graduate School of Medicine, Hirosaki, Japan). All cell lines were authenticated by short tandem repeat (STR) DNA profiling ( Figure S2 ). HBE and LK2 cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) medium (Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS; Invitrogen), 100 IU/mL penicillin and 100 μg/mL streptomycin (Sigma, St. Louis, MO, USA), SK-MES-1 cell was cultured in MEM medium supplemented with 10% FBS (Invitrogen), 100 IU/mL penicillin and 100 μg/mL streptomycin (Sigma).
Plasmids pCMV6-ddk-myc and pCMV6-ddk-myc-FAM163A (RC203658) were purchased from Origene (Rockville, MD, USA). FAM163A-siRNA (sc-88530) was purchased from Santa Cruz Biotechnology. 14-3-3β-siRNA (SR305137) and control NC-siRNA (SR30004) were purchased from Origene. Stable or transient transfection was carried out using the Lipofectamine 3000 reagent (Invitrogen) as previously described. 9 Before we stably transfected FAM163A in LK2 and SK-MES-1 cells, we drew a killing curve of G418 and found that the optimal concentration of G418 was about 100 μg/mL, then we chose 100 μg/mL to select stable transfection cell. By day 14, neo-resistant colonies appeared. Single transgenic colonies were isolated by a micropipette, dissociated into small clumps of cells and transferred into 4-well plates coated with matrigel.The cells proliferated continuously in the presence of G418 and formed a large number of expanding undifferentiated colonies.
Western blotting analysis
Total protein was extracted using lysis buffer (Pierce, Rockford, IL, USA) and quantified using the Bradford method. 10 Fifty micrograms of the total protein samples were separated by 10% SDS-PAGE and transferred onto polyvinylidene fluoride membranes (PVDF; Millipore, Billerica, MA, USA). After blocking with 5% bovine serum albumin (BSA) for 2 hrs at room temperature, the membranes were incubated with the following primary antibodies overnight at 4°C: anti-FAM163A (1:100, sc-390936, Santa Cruz Biotechnology, Santa Cruz, CA, USA); anti-GAPDH (WH0002597M1, 1:5000, Sigma); anti-Myc-tag (#2276), anti-cyclin B1 (#4138), anti-cyclin 
Xenograft model
The animals used in this study were treated according to the National Institutes of Health Guide for the care and use of Laboratory Animals (NIH Publications No. 8023, revised1978). Four-week-old female BALB/c nude mice were purchased from SLAC Laboratory Animal (Shanghai, China) and raised in a laminar flow cabinet under specific pathogen-free conditions for two weeks before use. Mice were randomized into different groups (n=5 per group). LK2 cells stably transfected with either empty plasmid or FAM163A plasmid were injected subcutaneously into the nude mice. Bidimensional tumor measurements were taken on the 12th day and the 36th day; after which the mice were sacrificed. All experimental procedures were approved by the Animal Ethics Committee of China Medical University. Each experiment was carried out in triplicate.
Co-immunoprecipitation (Co-Ip)
LK2 and SK-MES-1 cells transfected with FAM163A plasmid were harvested with 1X Lysis/Wash Buffer plus PMSF, and incubated with Protein A/G-agarose (Santa Cruz Biotechnology) at 4°C overnight. After that, the lysates were immunoprecipitated overnight at 4°C with either anti-FAM163A (1:50, sc-390936, Santa Cruz Biotechnology) or anti-mouse IgG antibody bound to protein G PLUS-agarose (Santa Cruz Biotechnology). The immunoprecipitated proteins were evaluated by Western blotting assay. Each experiment was carried out in triplicate.
Patients and specimens
This study was conducted with the approval of the local institutional review board at China Medical University (LS2016 [009]). Written consent was signed by each participant for their specimens to be used in this study. Written informed consent was given by the participants for their information to be stored in the hospital database for their specimens to be used in this study. Tumor staging was performed according to the seventh edition of the Union for International Cancer Control TNM Staging System for Lung Cancer. 12 No neoadjuvant radiotherapy or chemotherapy was administered before surgery. The overall survival was defined as the time from the day of surgery to the end of follow-up or the day of death. Sixteen freshly isolated specimens, including both tumor tissue and the corresponding normal tissues, were stored at −80°C immediately after resection for protein extraction.
Real-time PCR
Total RNA was extracted from 14 pairs of lung squamous cell carcinoma tissues and corresponding normal tissues using an RNeasy RNA isolation kit (QIAGEN, Hilden, Germany). First-strand cDNA was synthesized from 1 μg of total RNA using ReverTra Ace (TOYOBO, Osaka, Japan). RT-PCR was performed using an aliquot of firststrand cDNA as a template under standard conditions with Taq DNA polymerase (QIAGEN). The real-time polymerase chain reaction (PCR) was carried out using SYBR Green Assay (Applied Biosystems, Tokyo, Japan). For the SYBR Green system, the following forward and reverse primers were used for NDSP and β-actin (internal control): FAM163A, forward, GCTACGGTGATCCTCCTCTG, and reverse, CTCCTC CTCGTCTGCAACCT; β-actin, forward, AGAGAGGCATCCTCACCCTG, and reverse, CATGAGGTAGTCAGTCAGGT.
1
Immunohistochemistry
The samples sections were incubated with anti-FAM163A (1:200, sc-390936, Santa Cruz Biotechnology).
Immunohistochemistry staining was performed and scored as previously described. 9 A final score of 0-12 was obtained by multiplying the intensity by the percentage scores. Tumors were regarded as positive for FAM163A expression if their score was>4. Tumor samples with scores between 1 and 4 were categorized as showing weak expression, whereas those with scores of 0 were considered to have no expression; both weak expression and no expression were defined as negative FAM163A expression. 
Statistical analysis
Results
Overexpression of FAM163A promoted cell proliferation in lung squamous cell carcinoma in vivo and in vitro
We initially evaluated the protein levels of FAM163A in normal bronchial epithelial cell line (HBE) and two LUSC cell lines LK2 and SK-MES-1 using Western blotting. FAM163A was observed in all three cell lines, and the protein level in LK2 and SK-MES-1 was higher than that in HBE ( Figure 1A ). As shown in Figure 1B , immunofluorescence assay suggested that FAM163A was positively expressed in the cytoplasm of HBE, LK2 and SK-MES-1 cell lines. To investigate the effect of FAM163A on proliferation, we overexpressed FAM163A in LK2 and SK-MES-1cells, the efficiency of transfection was shown in Figure 1C . Subsequent cell viability assays indicated that cell transfected with FAM163A plasmid grew more rapidly than those transfected with the empty vector in LK2 and SK-MES-1 cell lines (P<0.05, respectively; Figure 1D ). Colony formation assays results presented similar tendency compared with the controls (P<0.05, respectively; Figure 1E and F). In agreement with the results from in vitro analyses, our in vivo experiments revealed that the size and weight of the tumor xenografts were dramatically increased in mice injected with cells overexpressing FAM163A compared with those injected with cells transfected with empty vector (P<0.01, respectively; Figure 1G -I).
Then we interfered the expression of FAM163A in LK2 and SK-MES-1 cells, the efficiency was shown in Figure 1J . Subsequent cell viability assays ( Figure 1K ) and colony formation assays ( Figure 1L and M) indicated that FAM163A RNAi inhibited the proliferation in both LK2 and SK-MES-1 cell lines (P<0.05, respectively). FAM163A upregulated the expression of cyclin D1 via phosphorylation of the ERK/ p90RSK signaling pathway
To explore the mechanism of FAM163A promoting cell proliferation, we initially evaluated various key pathways proteins and its downstream target proteins related to cell growth. The results of Western blotting suggested that the expression of p-ERK, p-p90RSK and cyclin D1 were upregulated after FAM163A overexpression and downregulated by interfering FAM163A expression (Figure 2A) . However, the expression of ERK, p90RSK, p-P38, P38, p-JNK, JNK, p-AKT, AKT, p-NFκB, NFκB, Active-β-catenin, β-catenin, p-GSK3β, GSK3β, cyclin B1, cyclin E1, and cyclin H did not show visible changes compared with the controls (Figure S3 ). By treated LK2 and SK-MES-1 cells with MEK inhibitor U0126, we found that the effects of FAM163A upregulating the phosphorylation of ERK and p90RSK, as well as the protein level of cyclin D1 were attenuated by U0126 incorporation ( Figure 2B ). For further investigating the relationship between FAM163A and ERK signaling pathway, we performed co-IP assays.
The results indicated FAM163A directly interacted with ERK ( Figure 2C ). The following immunofluorescence also found that FAM163A and ERK co-localized in the cytoplasm of LK2 cells ( Figure 2D ). Besides, subsequent colony formation assays ( Figure 2E and F) and MTT assays ( Figure 2G ) also revealed that the increase of cellular proliferation caused by FAM163A cDNA transfection was significantly reversed by U0126 incorporation.
FAM163A promoted the phosphorylation of the ERK/p90RSK signaling pathway by interacting with 14-3-3β
We first examined the expression of 14-3-3 family proteins after overexpressing FAM163A and interfering the expression of FAM163A in LK2 and SK-MES-1 cells. The Western blots results revealed that the expression of 14-3-3β was increased along with FAM163A overexpression and downregulated when FAM163A knockout. While the expression of 14-3-3γ, 14-3-3ζ/δ and 14-3-3ε showed no visible changes compared with the controls ( Figure 3A) . Next, we used three small interfering RNA to knock down 14-3-3β in both LK2 and SK-MES-1 cells, si14-3-3β#3 was applied to perform the subsequent experiments ( Figure 3B ). We found the upregulation of ERK and p90RSK phosphorylation resulted from overexpressing FAM163A was reversed by 14-3-3β RNAi ( Figure 3C ). The subsequent co-IP assays suggested that FAM163A interacted with 14-3-3β ( Figure 3D ). The confocal microscopic analysis further confirmed this interaction ( Figure 3E ). Moreover, we examined whether 14-3-3β inhibition affected the functional role of cells using colony formation assays. We found 14-3-3β RNAi significantly reduced the number of viable colonies increased by overexpression of FAM163A (P<0.05, Figure 3F and G), as well as cell growth ( Figure 3H ).
FAM163A positively expressed in the cytoplasm and predicted
Poor clinical outcomes of patients with lung squamous cell carcinoma Western blotting analysis showed that FAM163A protein level in 16 pairs of lung squamous cell carcinoma tissues and their corresponding normal tissues. Eleven of sixteen (68.75%) samples of lung squamous cell carcinoma showed higher expression compared with their corresponding noncancerous tissues ( Figure 4A) . The mean protein level of FAM163A in lung squamous cell carcinoma tissues (mean ± SE, 0.76±0.05) was significantly higher than that in the corresponding normal tissue (mean ± SE, 0.51±0.07, P=0.0267, Figure 4B ). Next, the mRNA level of FAM163A in 14 pairs of lung squamous cell carcinoma tissues and their corresponding normal tissues was tested using PCR. Of the 14 patients, 10 (71.4%) showed a higher expression level of FAM163A mRNA in lung cancer tissue specimens than in noncancerous tissue specimens ( Figure 4C ). The mean expression value of FAM163A mRNA in cancer tissues (43.61±25.45; mean ± SD, normalized by beta-actin gene expression) was significantly higher than the value (26.18±15.14) in the corresponding noncancerous tissues (P<0.05). Using immunohistochemistry, we next examined FAM163A expression in 83 lung squamous cell carcinoma tissues. Among the 83 patients, 32 were 60 years old or older and 51 patients were less than 60 years old. A total of 74 tumors were well or moderately differentiated, while 9 were classified as poorly differentiated. Lymph node metastases were present in 33 of the 83 cases. The tumors included 63 cases at stages I-II and 20 cases at stage III. We found FAM163A expression was strongly in the cytoplasm of 47/83 (56.6%) samples ( Figure 4D ). Statistical analysis results suggested that FAM163A expression significantly correlated with larger tumor size (P=0.023), TNM staging (P=0.015) and regional lymph node metastasis (P=0.016). FAM163A expression showed no significant correlation with age, gender and histological differentiation (P>0.05, Table 1 ). Kaplan-Meier survival analysis implied the mean survival time of patients with positive FAM163A expression (49.72±3.97 months) was much shorter than the patients with negative FAM163A expression (63.36±3.14 months, P=0.011, Figure 4E ).
Discussion
In the present study, we identified that FAM163A interacted with 14-3-3β and ERK, which thereby facilitating the phosphorylation of ERK by upregulating the protein level of 14-3-3β. Subsequently, FAM163A increased the levels of p90RSK phosphorylation and promoted the expression of cyclin D1, which were downstream molecules of ERK signaling, and upregulated proliferation of LUSC cells. In clinical tissue samples, positive FAM163A expression significantly correlated with larger tumor sizes, advanced TNM staging, positive regional lymph node metastasis and poor overall survival. To our knowledge, the publishing literature refers to FAM163A is limited. The opinion of previous studies considered that FAM163A was specifically overexpressed in neuroblastoma at higher levels than other tissues including malignancies and normal tissues. 2 In the same study, they also revealed that FAM163A was a secreted protein in several neuroblastoma cell lines. 2 However, we had evaluated the supernatant protein of LUSC cells with or without FAM163A cDNA transfection and found no visible secreted FAM163A (data not shown). Thus, we hypothesized that FAM163A might also play a role in the cytoplasm in LUSC cells. In the present study, using an online database (http://proteinatlas.org/), we found that FAM163A also expressed in LUSC tissues. Our results of immunoperoxidase staining revealed that FAM163A positively expressed both in the cytoplasm of LUSC cells and LUSC tissues, as well as their non-cancerous counterparts. Since FAM163A has been identified to be an oncogene in neuroblastoma, the expression of FAM163A in LUSC makes one wonder if it also plays an oncogenic role in the development of LUSC. 1,2 Using FAM163A cDNA transfection, we found that FAM163A promoted cell proliferation of LUSC both in vitro and in vivo. Our data were consistent with previous studies that FAM163A facilitated cell proliferation in neuroblastoma. 2 In the same study, they addressed that FAM163A induced cell proliferation was mediated by ERK activation. 2 To confirm that, we evaluated not only ERK signaling but also the other signaling which was considered to be related to cell proliferation, such as P38, JNK, AKT, NFκB and WNT signaling. Our results also showed that overexpression of FAM163A upregulated the phosphorylation of ERK, as well as its downstream molecule (p90RSK). The previous studies and ours indicated that FAM163A-ERK axis might play a role in regulating cell proliferation of malignancies. 1, 2 We then proceeded to assess the effect of FAM163A overexpression on cell cycle genes and revealed that cyclin D1 expression was upregulated. As cyclin D1 was a downstream molecule of ERK signaling, we next incorporated ERK inhibitor to observe whether FAM163A promote cyclin D1 expression through ERK signaling. 13, 14 Our results showed that FAM163A promoted cell proliferation through interacting and activating ERK-cyclin D1 signaling. Although previous studies have demonstrated that FAM163A regulated ERK signaling pathway, the results of the present study revealed that FAM163A directly interacted with ERK.
2 The 14-3-3 family member involved in various cellular processes including signal transduction, cell cycle, cell proliferation, apoptosis, differentiation and survival. [15] [16] [17] Furthermore, 14-3-3 family members are able to activate the MAPK-ERK signaling pathway and plays an oncogenic role in cancer development. [4] [5] [6] [7] In a previous study, using affinity purification-mass spectrometry, they predicted that FAM163A might directly bind with 14-3-3 family members. 3 Although the mechanisms of the binding between FAM163A and 14-3-3 family are unclear, our results showed that the protein level of 14-3-3β was significantly elevated after overexpression of FAM163A. Subsequent co-IP results suggested that FAM163A directly interacted with 14-3-3β. As we had confirmed that FAM163A directly interacted with ERK and ERK signaling was a putative downstream signaling pathway of 14-3-3 family members in regulating the development of human neoplasms, we next inhibited the expression of 14-3-3β in FAM163A overexpression cells. [4] [5] [6] [7] Western blotting results showed that the increase of the levels of phosphorylated ERK and p90RSK induced by FAM163A overexpression were attenuated by 14-3-3β RNAi, as well as the results of colony formation analysis and MTT analysis. These results suggested that FAM163A, 14-3-3β and ERK were likely to form a complex and FAM163A might facilitate the phosphorylation of ERK signaling through interacting with 14-3-3β which thereby mediated cell proliferation of LUSC cells.
In the previous study, the mRNA levels correlate with risk group assignment in patients with neuroblastoma. 1 In our study, we found that FAM163A expression significantly correlated with larger tumor size, TNM staging, regional lymph node metastasis and predicted poor prognosis in patients with LUSC. Our data were consistent with the results from an online database which indicated that FAM163A might have prognostic value in patients with LUSC.
Conclusion
In summary, the present study identified a novel mechanism that FAM163A facilitates ERK phosphorylation through binding and upregulating 14-3-3β, which led to an increase in cellular proliferation of LUSC cells. Moreover, we also revealed that positive FAM163A expression significantly correlated with poor prognosis in patients with LUSC. (1): If passage number is followed by asterisc (such as P10*),the total passage number after the establishment of cell is unknown and the value is the passage number after the deposition of cells at cell bank.
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Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal Figure S3 The expression of key proteins after transfected with FAM163A cDNA in LK2 and interfered FAM163A with siRNA in SK-MES-1 cell lines. (A) The expression of ERK, p90RSK, p-P38, P38, p-JNK, JNK, p-AKT, AKT, p-NFκB, NFκB, Active-β-catenin, β-catenin, p-GSK3β, GSK3β did not show visible changes compared with the controls. (B) There were no significant changes of the levels of cyclin B1, cyclin E1, and cyclin H after transfected with FAM163A cDNA in LK2 and interfered FAM163A with siRNA in SK-MES-1 cell lines.
